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Abstract 
Terahertz radiation of the stack of intrinsic Josephson junctions in the mesa structure of the layered high Tc 
superconductors are characterized and presented in this work. The dependency of the radiated power to the 
geometrical parameters, cavity-waveguide boundaries and magnetic and electric bias has been investigated. This has 
been done by numerical calculation of the previously proposed coupled sine-Gordon equations, which characterize 
the electromagnetic dynamics of the stack of the intrinsic Josephson junctions. Using the obtained numerical results 
from these coupled equations, the effect of the design parameters such as dimensions of the mesa structure and the 
magnitude of the applied magnetic field and the dc current on the enhancement of the radiated power is studied. Thus, 
the power is optimized with respect to these considered parameters. By variation of the number of layers, which is 
corresponding to the number of equations in the system of the coupled sine-Gordon equations, we also investigate the 
effect of the number of intrinsic Josephson junctions on the total radiated power. The results from this part are also 
compared with the previous analytical models. 
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1. Introduction 
Theoretical and experimental observation of terahertz emission from the intrinsic Josephson junctions 
has attracted (interested) many researches due to the frequency range of this electromagnetic emission 
and its application oriented property of tunability. Theoretically, Koshelev has predicted the 
electromagnetic emission in the range of the terahertz from the stack of intrinsic Josephson junctions in 
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the presence of applied constant magnetic field [1]. Bulaevskii et al. also modeled this emission and 
calculated the radiation power and Poynting vector analytically [2]. 
In the layered superconductors, Josephson vortices penetrate the sample and form a regular lattice 
when the external magnetic field is parallel to ab-plane. Since the interaction between crystal defects and 
Josephson vortices is weak, the lattice is near-perfect array. The idea of the terahertz emission is related to 
magnetic field oscillation due to the motion of Josephson vortices. Electromagnetic wave radiation due to 
the flow of constant bias current through intrinsic Josephson junctions and Lorentz force applied to 
Josephson vortices which make them flow, and when these vortices reach to the surface of the 
superconductor cause electromagnetic radiation.  
By now, the observed radiated power is very low [1]. Thus, the optimization of this power would be 
interested in order to achieve the maximum power efficiency. The dependency of the terahertz intensity 
with respect to some of the size parameters are investigated previously [3]. Considering these parameters 
such as bias current and cavity-waveguide boundary size and considering other parameters such as 
number of mesa layers and the magnitude of the applied magnetic field, here we find the optimum 
radiated power with respect to these parameters. We use the Koshelev model to compute the radiation 
modulated voltage response of the stack of intrinsic Josephson junction in the single crystal of the high-Tc 
superconductor BSCCO. The proposed model is expressed as a system of N coupled differential equation. 
The problem is nonlinear time varying boundary condition, which is numerically solved for the system of 
coupled equations. The boundary condition of this partial differential equation is the incident 
electromagnetic radiation. 
2. Theoretical Model 
We start from the definition of gauge-invariant phase difference as [4-6] 
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With the phase of order parameter in the lth superconducting layer ׋l, the vector potential Az, the 
quantum flux ĭ0 and the height of the lth superconducting layer zl. 
Electromagnetic dynamics of gauge-invariant phase difference in the presence of applied magnetic 
field is described as a set of coupled sine-Gordon equations that correspond to total pair and quasi-particle 
tunneling. According to the Josephson relation, the total current density passes through each junction 
along the z axis can be obtained from the  
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Where Jc is the Josephson current density, ıc is the normal conductivity along the c-axis and El+1,l is 
the electric field between (l+1)th and lth layer. In the above equation, the first, second and third terms 
represent the pair tunneling, quasi-particle tunneling and charge accumulation currents respectively. 
Using the London theory as well as Maxwell equations and neglecting the charge accumulation, the 
properties of the system can be expressed as 
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 Where Ȝab is London penetration depth, Ȧr is a damping frequency that is estimated as Ȧr=4ʌıc/İ 
in which İ is dielectric constant. The c-axis conductivity, ıc is temperature dependent. Thus, the damping 
term can be neglected in small values of ıc. 
3. Results and analyses 
In figure 1, the dependency of the total radiated power intensity to number of the layers is investigated. 
As it is obvious from this figure, as the number of the mesa layers increased the total power is also 
increased. Previously, two regimes of operation is proposed for the mesa structure [1]. In the super-
radiation regime, radiation power may be enhanced by the factor N2, where N is the number of 
synchronized junctions inside the space of the radiation wavelength. However, if the system was not in 
the super-radiation regime, the total power would be enhanced by N. In the figure 1, these two extreme 
cases have been depicted. It is concluded that independent of the working regime, the power would 
increase as the number of the layers is raised. 
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Figure 1, Intensity versus number of junctions for J/Jc=0.1, Ba=0.8T, Lx=200µm 
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Figure 2, power spectrum of the intensity for J/Jc=0.1, Ba=0.8T, Lx=200µm 
 
 
In figure 2, the power spectrum of the terahertz radiation is presented. This figure shows that the peak 
associated to the main harmonic is much larger than the next one. 
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Figure 3, Intensity versus applied magnetic field for J/Jc=0.1, Lx=200µm 
 
Figure 3 shows the dependency of the intensity to applied magnetic field. As it is obvious from this 
figure, increasing the dc applied magnetic field would enhance the intensity. However, the magnetic field 
is limited by the second critical field of the superconductor. 
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Figure 4, radiation frequency versus applied magnetic field for J/Jc=0.1, Lx=200µm 
 
The dependency of the main harmonic frequency to the applied magnetic field is depicted in the figure 
4. This figure shows that increasing the applied magnetic field would shift the main harmonic to the 
higher frequencies. 
4. Conclusion 
We investigated the dependency of the terahertz radiation power in the stack of the intrinsic Josephson 
junctions in the mesa structure of the high-Tc layered superconductors with respect to number of the 
junctions and the applied magnetic field. The results show that increasing the number of the junctions and 
the applied magnetic field would enhance the total radiated power. 
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